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• Identify impaired waters, pollutants, and TMDLs within
and near National Forest System (NFS) Lands using GIS

• Develop interactive products for routine use by FS and
EPA in restoration and watershed management

This COULD NOT BE DONE without impaired waters

data and FS property data in GIS format

Co-Occurrence Study Objectives
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• Forest Service (FS) manages 8% of US land (federal
land management agencies oversee 30% in total),
much of it in headwaters and recharge areas for the
nation’s streams and aquifers.

• FS recognition of stewardship roles and
responsibilities that influence health of US waters

• Increased FS policy emphasis on watershed
management and sustaining high-quality waters

Why document impaired waters
on National Forest System Lands?
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Possible causes:

• legacy pollutants from pre-FS land use history
• land and water use practices during FS tenure
• pollutant transport from upstream sources
• aerial deposition

Geographic association alone does not diagnose cause

Why might impaired waters occur
on National Forest System Lands?



Assessment Methodology
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1.) EPA’s national GIS
coverage for impaired waters

2.) Overlay with National
Forest System boundary
maps



Assessment Methodology:

Identify Near and Within Waters
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3.) Identify impaired waters
‘wholly or partly within’ NFS lands

4.) Identify impaired waters
‘near but not within’ NFS lands

NHDPlus Catchment
at a NFS boundary



Assessment Methodology:

Compile GIS and Tabular Data

5.) Measure and compile
impaired waters attributes

6.) Develop spreadsheets
as alternative format to GIS
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- forest name, waterbody name

- pollutant, impaired length & area, TMDLs

- within or near, drainage direction

- impairments information

- TMDLs information

- HUC12s information



Assessment Methodology:

Relate Near-FS and Within-FS Waters to Watersheds
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7.) Identify HUC12s containing NFS
lands and impaired waters

8.) Re-aggregate waters
information on HUC12 basis



Assessment Methodology:

Pattern Analysis and User Support Products

9.) Conduct pattern analyses of
impairment extent, magnitude

10.) Develop products that
improve data availability and use:
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GIS database and ArcReader browsable maps
Summary statistics
Pattern analyses
Master spreadsheets
User assistance: report, website



Study Results: National Totals
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National Summary Statistics about Impaired Waters and NFS Lands*

Measure
WITHIN NFS

LANDS
NEAR NFS LANDS

WITHIN AND NEAR
TOTAL

Impaired waters count
[% of US impaired waters]

3,126
[7.9%]

3,426
[8.7%]

4,212
[10.6%]

Impaired length in miles 20,324 15,827 36,151

Impaired area in sq mi 262 1,531 1,793

* These numbers are based on geographic co-occurrence, which does not necessarily imply causality.



Study Results: Impairment Types

11

Parent Impairment Categories, rank-ordered by
frequency within and near NFS lands*

Total impairment
length [rank]

Total impairment
area [rank] Count

Temperature 17180 [1] 49 [10] 2,266

Mercury 2475 [8] 968 [1] 1,666

Habitat Alteration 7153 [5] 5 [11] 1,475

Sediment 13889 [2] 152 [5] 1,388

Metals [other than Hg] 7906 [4] 87 [8] 1,382

Flow Alteration 4429 [6] 117 [6] 877

Nutrients 7922 [3] 443 [2] 759

Pathogens 2383 [9] 3 [12] 670

Oxygen Depletion 3804 [7] 174 [3] 366

pH 1681 [11] 99 [7] 349

Cause Unknown 1171 [13] <1 [13] 321

Turbidity 1635 [12] 164 [4] 264

Cause Unknown, Bioimpairment 616 [14] <1 [14] 185

Salinity/TDS/Chlorides 1764 [10] 69 [9] 179

Other parent categories [17 each < 0.6%] 2315 [n/a] 348 [n/a] 469



Study Results: TMDLs

12

PARENT CAUSE CATEGORY # TMDLS % OF NFS TMDLS

MERCURY 712 28%
TEMPERATURE 489 19%
METALS 327 13%
SEDIMENT 258 10%
PATHOGENS 208 8%
NUTRIENTS 191 8%
TURBIDITY 93 4%
PH/ACIDITY 76 3%
ENRICHMENT/O2 DEPLETION 55 2%
SALINITY/TDS/CHLORIDES 26 1%
AMMONIA 24 1%
PESTICIDES 19 1%

12 OTHER CATEGORIES (<1% EACH) 52 ----

TOTAL NFS-RELATED TMDLS (3/2011) 2530



Study Results: HUC12s with NFS lands
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Total FS
HUC12
Count

FS HUC12s
w/no
impaired
waters
reported

% of all
FS
HUC12s

FS HUC12
w/1 or more
impaired
waters
reported

% of all
FS
HUC12s

FS HUC12s
w/5 or more
impaired
waters
reported

% of all
FS
HUC12s

17,373 12,052 69.4% 5,321 30.6% 256 1.5%



Study Results: Regional Patterns
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habitat, temperature

metals, pathogens

sediment, metals

sediment, nutrients

nutrients, metals

temperature, habitat

pathogens, bio-impairment

mercury, pH

other, pathogens



Study Results: State Patterns
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Study Results: Local Patterns

iA TMDL is done for this example water, and
the TMDL ID is provided for obtaining the
document online via EPA’s ATTAINS Expert
Query system.
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User Assistance
Assessment Report and Website
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Value of Assessment

• Easily retrievable information on water quality issues for NFS
managers

• Can be merged with other GIS data sets and analyses
• Basis for restoration and protection planning
• Basis for collaboration with other federal, state and tribal

agencies and the private sector

Improved access to impaired waters
information that supports federal land
stewardship at any geographic scale
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